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Decision Memo for Positron Emission Tomography for Initial
Treatment Strategy in Solid Tumors and Myeloma (CAG-
00181R3)

Decision Summary

The Centers for Medicare and Medicaid Services (CMS) was asked to reconsider the April 3, 2009 NCD provision at
Section 220.6.17 of the National Coverage Determinations (NCD) Manual, described below, that established an absolute
frequency limitation of only one FDG PET study for the noted purposes.

"CMS will cover only one FDG PET study for beneficiaries who have solid tumors that are biopsy proven or strongly
suspected based on other diagnostic testing when the beneficiary’s treating physician determines that the FDG PET study
is needed to determine the location and/or extent of the tumor for the following therapeutic purposes related to the initial
treatment strategy:

* To determine whether or not the beneficiary is an appropriate candidate for an invasive diagnostic or therapeutic
procedure; or

* To determine the optimal anatomic location for an invasive procedure; or

* To determine the anatomic extent of tumor when the recommended anti-tumor treatment reasonably depends on
the extent of the tumor."

After careful review, CMS believes that the current absolute restriction is not supported by the available evidence and
therefore will amend 220.6.17 of the National Coverage Determinations Manual:

1. the NCD will be changed to remove the current absolute restriction of coverage to ‘only one’ FDG PET scan to
determine the location and/or extent of the tumor for the therapeutic purposes related to the initial treatment
strategy as described above;

2. CMS will continue to nationally cover one FDG PET scan to determine the location and/or extent of the tumor for the
therapeutic purposes related to the initial treatment strategy as described above; and

3. local Medicare administrative contractors will have discretion to cover (or not cover) within their jurisdictions any
additional FDG PET scan for the therapeutic purposes related to the initial treatment strategy as described above.
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For any individual beneficiary the usefulness of any additional FDG PET scan for initial treatment planning might be
affected by the beneficiary’s specific medical problem, the availability of results of other diagnostic tests and the expertise
of the interpreting physician. We believe in such situations that our local administrative contractors, who may more readily
obtain this information, can make these determinations about any additional FDG PET scan for initial treatment planning
within their jurisdictions. We do not believe that a national coverage determination is the most appropriate way to address
coverage for any additional FDG PET scans for the therapeutic purposes related to the initial treatment strategy at this time.
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SUBJECT: Request for Reconsideration of Positron Emission Tomography for Solid Tumors and Myeloma (CAG-
00181R3)

DATE: August 4, 2010

l. Final Decision

The Centers for Medicare and Medicaid Services (CMS) was asked to reconsider the April 3, 2009 NCD provision at
Section 220.6.17 of the National Coverage Determinations (NCD) Manual, described below, that established an absolute
frequency limitation of only one FDG PET study for the noted purposes.

"CMS will cover only one FDG PET study for beneficiaries who have solid tumors that are biopsy proven or strongly
suspected based on other diagnostic testing when the beneficiary’s treating physician determines that the FDG PET study
is needed to determine the location and/or extent of the tumor for the following therapeutic purposes related to the initial
treatment strategy:

* To determine whether or not the beneficiary is an appropriate candidate for an invasive diagnostic or therapeutic
procedure; or

¢ To determine the optimal anatomic location for an invasive procedure; or

* To determine the anatomic extent of tumor when the recommended anti-tumor treatment reasonably depends on
the extent of the tumor."

After careful review, CMS believes that the current absolute restriction is not supported by the available evidence and
therefore will amend 220.6.17 of the National Coverage Determinations Manual:
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1. the NCD will be changed to remove the current absolute restriction of coverage to ‘only one’ FDG PET scan to
determine the location and/or extent of the tumor for the therapeutic purposes related to the initial treatment
strategy as described above;

2.  CMS will continue to nationally cover one FDG PET scan to determine the location and/or extent of the tumor for the
therapeutic purposes related to the initial treatment strategy as described above; and

3. local Medicare administrative contractors will have discretion to cover (or not cover) within their jurisdictions any
additional FDG PET scan for the therapeutic purposes related to the initial treatment strategy as described above.

For any individual beneficiary the usefulness of any additional FDG PET scan for initial treatment planning might be
affected by the beneficiary’s specific medical problem, the availability of results of other diagnostic tests and the expertise
of the interpreting physician. We believe in such situations that our local administrative contractors, who may more readily
obtain this information, can make these determinations about any additional FDG PET scan for initial treatment planning
within their jurisdictions. We do not believe that a national coverage determination is the most appropriate way to address
coverage for any additional FDG PET scans for the therapeutic purposes related to the initial treatment strategy at this time.

Il. Background

Throughout this memorandum, we use the term FDG to refer to 2-deoxy-2-[F-18] fluoro-D-glucose, also known as F-18
fluorodeoxyglucose. We use the term PET to refer to positron emission tomography or to a positron emission tomogram,
depending on context. The term FDG PET refers to PET imaging utilizing FDG as the radioactive tracer, and in the context
of this document, includes the use of combined or integrated positron emission tomography/computed tomography using
FDG as the radioactive tracer (FDG PET/CT). We use the abbreviation MBq to denote megabecquerel, a unit of
radioactivity in the International System of Units (SI). We use the term gray (abbreviated Gy) as the unit of therapeutic
radiation dose, defined as one joule of energy in the form of X-rays or gamma rays absorbed by one kilogram of mass. The
centigray (cGy) is an alternate form of this unit used by some authors and is defined as 0.01 Gy. We use the abbreviation
TNM to denote the dimensions of malignant tumor spread within a given patient, as defined by the American Joint
Committee on Cancer and as used by National Cancer Institute, other clinical standards organizations and healthcare
providers.
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FDG PET is a minimally-invasive diagnostic imaging procedure used to evaluate glucose metabolism in normal tissue as
well as in diseased tissues in conditions such as cancer, ischemic heart disease, and some neurologic disorders. FDG is
an injected radioactive tracer substance (radionuclide) that emits sub-atomic particles, known as positrons, as it decays.
FDG PET uses a positron camera (tomograph) to measure the decay of radioisotopes such as FDG. The rate of FDG
decay provides biochemical information on glucose metabolism in the tissue being studied. As malignancies can cause
abnormalities of metabolism and blood flow, FDG PET evaluation may indicate the probable presence or absence of a
malignancy based upon observed differences in biologic activity compared to adjacent tissues.

Other forms of diagnostic imaging technologies such as x-ray imaging, computed tomography (CT), and magnetic
resonance imaging (MRI) supply information about the anatomic structure of suspected malignancies, primarily their size
and location. However, clinical imaging of glucose metabolism within cells is unique to FDG PET technology. In many
cases, the anatomical information provided by CT or MRI is most important in devising a treatment strategy. However, the
metabolic information provided by FDG PET imaging may provide complementary information that is helpful in determining
the initial treatment.

Successful external radiation therapy (RT) for control of malignant solid tumors depends on delivery of sufficient ionizing
radiation to the clinical target volume (the detectable tumor plus a margin for microscopic extension). Ideally, the clinical
target volume closely conforms to the tumor contour. Accurate delineation of clinical target volume leads to a greater
fraction of radiation dose being delivered to tumor tissue, and less radiation delivered to surrounding uninvolved tissue
which may experience radiation toxicity. However, incorrect delineation of the gross target volume may lead to
undertreatment, and reducing the possibility of tumor control while increasing the risk of adverse radiation exposure (see
for example, Senan and DeRuysscher 2005).

FDG PET imaging techniques are thought to contribute to the accuracy of RT planning by delineating the ‘glucose-avid’
extent of malignant tumors, and thereby providing complementary information to that provided by other techniques (such as
CT) which depend on tissue structure and/or radiodensity. FDG PET, by revealing unsuspected distant metastases, can
change treatment strategy, as acknowledged in prior national coverage determinations (see, for example, CMS 2009).
Although studies of survival after radiotherapy have reported superior results in patients who have undergone a staging
PET scan, some authors attribute these improved results in part to the exclusion from curative RT efforts of ~ 20% of
patients revealed by PET scan to have distant metastases not previously known (for example, MacManus et al., 2001). In
this 2001 case series study, staging FDG-PET was performed for 167 patients with Stage |-l non small-cell lung cancer
(NSCLC) by conventional workup. These patients were candidates for curative therapy with surgery, radical chemo/RT or
RT, or preoperative chemo/RT. In 32/167 patients (19%), PET detected distant metastases, most commonly (in 17/32
patients) abdominal (including adrenal and liver) metastases.
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For solid epithelial tumors, therapeutic radiation doses often reach 60-80 Gy; for lymphomas, lower levels (20-40 Gy) of
radiation may be effective. Some authors have suggested that, given that with such regimens, substantial local failure rates
and poor 5-year survival, studies of escalating radiation dose are called for (Gillham et al., 2008). RT dose regimens
including such ‘boost’ strategies will be even more dependent on accurate tumor size and positioning information to guide
treatment plans.

lll. History of Medicare Coverage

Positron emission tomography (PET) is a noninvasive diagnostic imaging procedure that assesses the level of metabolic
activity and perfusion in various organ systems of the body. A positron camera (tomograph) is used to produce cross-
sectional tomographic images, which are obtained from positron emitting radioactive tracer substances
(radiopharmaceuticals) such as 2-[F-18] Fluoro-D-Glucose (FDG), that are administered intravenously to the patient.
Radiopharmaceutical diagnostic imaging agents in PET cancer imaging other than2-[F-18] Fluoro-D-Glucose (FDG) and
NaF-18 (sodium fluoride-18) are noncovered by Medicare.

A. Current Request

CMS was asked to reconsider the provisions of Section 220.6.17 of the NCD Manual to remove the restriction that only one
FDG PET scan may be performed as part of guiding initial antitumor treatment strategy of solid tumors and myeloma. In
2009, CMS covered the use of FDG PET/CT scans during initial treatment strategy planning in recognition of its value in
clarifying tumor stage or burden and in preventing unnecessary treatment. In this 2009 decision, CMS indicated that only
one FDG PET/CT would be covered during initial antitumor treatment strategy. It is this aspect of that decision (CMS 2009)
which the requestors have brought up for reconsideration in a letter to CMS of October 14, 2009. The requestors
supplemented this letter with a public comment submitted to CMS on December 9, 2009, indicating several additional
citations.
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In the October 14, 2009 letter, submitted on behalf of the National Oncologic PET Registry (NOPR) Working Group, The
Academy of Molecular Imaging (AMI), the American College of Nuclear Medicine (ACNM), the American College of
Radiology (ACR), the American Society for Radiation Oncology (ASTRO), and the Society of Nuclear Medicine (SNM), the
requestors indicated that:

"We collectively and strongly support the approach taken by CMS in CAG-OOI81R to streamline the FDG-PET
coverage framework into "initial" and "subsequent” treatment strategy evaluation, as we believe that this is a
positive development for providers, patients, and payors. However, we remain concerned that the failure of CMS to
acknowledge the need for clinically necessary "later initial" scans in certain limited clinical situations may hamper
good clinical practice. In response to comments encouraging coverage for later initial scans in such situations, CMS
stated that the evidence it had reviewed "addressed the use of single scans," and that "coverage as we have
described of only one FDG-PET scan to guide initial antitumor treatment is consistent with the current evidence
base." The new NCD, in section IX(2) (Initial Antitumor Treatment Strategy),articulates the formal policy as follows
(emphasis supplied):

"CMS has determined that the evidence is adequate to determine that the results of FDG PET imaging are useful in
determining the appropriate initial treatment strategy for beneficiaries with suspected solid tumors and myeloma and
improve health outcomes and thus are reasonable and necessary under §1862(a)(1)(A) of the Social Security Act.
Therefore, CMS will cover only one FDG PET study for beneficiaries who have solid tumors that are biopsy proven
or strongly suspected based on other diagnostic testing when the beneficiary's treating physician determines that
the FDG PET study is needed to determine the location and/or extent of the tumor for the following therapeutic
purposes related to the initial treatment strategy:

¢ To determine whether or not the beneficiary is an appropriate candidate for an invasive diagnostic or therapeutic
procedure; or
* To determine the optimal anatomic location for an invasive procedure; or
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¢ To determine the anatomic extent of tumor when the recommended anti-tumor treatment reasonably depends on
the extent of the tumor."

"Three practical scenarios illustrate our general concern with the bright-line approach taken in CAG-OO 181 R.
First, where PET is used for diagnosis or initial staging purposes, the result may indicate that radiation therapy,
rather than surgery, is the appropriate method of treatment. In such situations, a second (initial) PET scan, often a
limited study done under technically different conditions, may be needed for radiation therapy planning (e.g., for
PET based simulation). Second, in a small fraction of patients, PET used to evaluate a suspicious lesion (e.g., a
pulmonary nodule) for cancer diagnosis can produce a false-negative result. If such patients are subsequently
diagnosed with cancer, however, the prevailing standard of care is to use PET for initial staging prior to treatment, in
order to obviate futile locally directed treatment (surgery or definitive radiation therapy) in those patients who had
developed metastatic disease in the interval. Third, in some patients with newly diagnosed cancer staged by an
initial PET scan, definitive treatment may be delayed either because of patient reluctance or because of intercurrent
medical iliness that must first be addressed (e.g., a patient who must undergo coronary artery bypass grafting for
multivessel coronary artery disease before a radical cystectomy can be performed for muscle-invasive bladder
carcinoma. Again, as in the second example, a second PET scan to document that the disease has not become
unresectable may be medically necessary."

B. Benefit Category

Medicare is a defined benefit program. An item or service must fall within a benefit category as a prerequisite to Medicare
coverage and not be statutorily excluded. §1812 (Scope of Part A); §1832 (Scope of Part B) and §1861(s) (Definition of
Medical and Other Health Services) of the Act. FDG PET falls within the following benefit category: other diagnostic tests as
defined in §1861(s)(3) of the Act.

Medicare regulations at 42 C.F.R. § 410.32(a) state in part, that "...diagnostic tests must be ordered by the physician who
is treating the beneficiary, that is, the physician who furnishes a consultation or treats a beneficiary for a specific medical
problem and who uses the results in the management of the beneficiary’s specific medical problem."

IV. Timeline of Recent Activities
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November 9, 2009 CMS accepted the formal request and posted a tracking sheet on the website, which began
the initial 30-day public comment period.

December 9, 2009 The initial 30-day comment period ended. Thirty-five timely comments were received.
May 6, 2010 The proposed decision memo was posted for public comment.
June 5, 2010 The public comment period ended. Four timely public comments were received

V. Food and Drug Administration (FDA) Status

The FDA described the safety and effectiveness findings for FDG F-18 in a Federal Register notice dated March 10, 2000
(Volume 65, Number 48) Notices. Pages 12999-13010:
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"The [FDA] Commissioner has concluded that FDG F 18 injection, when produced under the conditions specified in an
approved application, can be found to be safe and effective in FDG PET imaging in patients with coronary artery disease
CAD and left ventricular dysfunction, when used together with myocardial perfusion imaging, for the identification of left
ventricular myocardium with residual glucose metabolism and reversible loss of systolic function, as discussed in section
I1I.A.1 and 1ll.A.2 of this document. The Commissioner also has concluded that FDG F 18 injection, when produced under
the conditions specified in an approved application, can be found to be safe and effective in FDG PET imaging for
assessment of abnormal glucose metabolism to assist in the evaluation of malignancy in patients with known or suspected
abnormalities found by other testing modalities or in patients with an existing diagnosis of cancer, as discussed in section
III.LA.1 and III.A.3 of this document. In addition, manufacturers of FDG F 18 injection and sodium fluoride F 18 injection may
rely on prior agency determinations of the safety and effectiveness of these drugs for certain epilepsy-related and bone
imaging indications, respectively, in submitting either 505(b)(2) applications or amended new drug applications ANDAs for
these drugs and indications."

VI. General Methodological Principles

When making NCDs, CMS evaluates relevant clinical evidence to determine whether or not the evidence supports a finding
that an item or service falling within a benefit category is reasonable and necessary for the diagnosis or treatment of iliness
or injury or to improve the functioning of a malformed body member. The critical appraisal of the evidence enables us to
determine to what degree we are confident that: 1) the specific assessment questions can be answered conclusively; and
2) the intervention will improve health outcomes for Medicare beneficiaries. An improved health outcome is one of several
considerations in determining whether an item or service is reasonable and necessary under § 1862(a)(1)(A) of the Act.

A detailed account of the methodological principles of study design that are used to assess the relevant literature on a
therapeutic or diagnostic item or service for specific conditions can be found in Appendix A. In general, features of clinical
studies that improve quality and decrease bias include the selection of a clinically relevant cohort, the consistent use of a
single good reference standard, the blinding of readers of the index test, and reference test results.

Public comment sometimes cites the published clinical evidence and gives CMS useful information. Public comments that
give information on unpublished evidence such as the results of individual practitioners or patients are less rigorous and
therefore less useful for making a coverage determination. CMS uses the initial public comments to inform its proposed
decision. CMS responds in detail to the public comments on a proposed decision when issuing the final decision
memorandum.
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VII. Evidence

A. Introduction

Below is a summary of the evidence we considered during our review.

As noted above, with respect to diagnostic tests, the Medicare regulations at 42 CFR § 410.32(a) state in part, that
"...diagnostic tests must be ordered by the physician who is treating the beneficiary, that is, the physician who furnishes a
consultation or treats a beneficiary for a specific medical problem and who uses the results in the management of the
beneficiary’s specific medical problem." Thus, we looked for evidence that the additional FDG PET imaging is used by the
beneficiary’s treating physician in the management of the patient, and the effect of this use on health outcomes.

The requestors presented three clinical scenarios as examples of the need for an additional FDG PET/CT scan during the
initial treatment strategy evaluation period:

1. Forradiation therapy planning, any additional FDG PET scan for initial treatment planning may be needed, done
under technically different conditions. Examples would include RT planning done at a different institution; RT
planning FDG PET that required different patient positioning, e.g., with the patient in the treatment position; or
concern for RT planning based on unfavorable patient positioning;

2. Patients with a prior false-negative diagnostic PET scan in whom a cancer is subsequently diagnosed may need
any additional FDG PET scan for initial treatment planning for initial staging; and

3. Delay between initial diagnosis and definitive therapy due to various causes (patient reluctance, treatment of a more
urgent comorbid condition) requiring any additional FDG PET scan for initial treatment planning to determine
whether a change has occurred in tumor size, location, spread, etc.
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The requestors contended that there is evidence to support their concern that failure to perform any additional FDG PET
scan for initial treatment planning PET scan in any of the above situations is contrary to good medical practice. As evidence
for this contention, the requestors cited the results of a number of published clinical studies:

1. Articles about the current standard-of-care for radiation therapy planning (Fraass et al., 1998, Mutic et al., 2003),
especially the need for patient positioning (with immobilization) in the treatment position (MacManus 2009);

2. Articles providing large, prospective institutional cohort studies supporting treatment-dedicated FDG PET for RT
planning (e.g., Kruser et al., 2009);

3.  An article about a United Kingdom health technology assessment report (Facey et al., 2007) concluded that, for non
-small cell lung cancers, incorporation of FDG PET imaging results in a 42% pooled weighted average for
radiotherapy management changes; and

4. Articles suggesting that the quality of treatment planning is degraded in the absence of treatment-position FDG PET
imaging (Hwang et al., 2009).

B. Discussion of evidence reviewed

1. Questions

a. Isthe evidence adequate to conclude that the use of any additional FDG PET scan for initial treatment planning will
meaningfully alter the recommended treatment strategy for beneficiaries who have a diagnosis of solid tumors or
multiple myeloma?

b. Is the evidence adequate to conclude that the use of any additional FDG PET scan for initial treatment planning for

radiation therapy planning will meaningfully alter health outcomes for beneficiaries who have a diagnosis of solid
tumors or multiple myeloma?

As a diagnostic test, FDG PET would not be expected to directly change health outcomes, i.e. there is no evidence that the
administration of FDG is therapeutic for cancer in and of itself. Rather, a diagnostic test affects health outcomes through
changes in disease management brought about by physician actions taken in response to test results. Such actions may
include decisions to treat or withhold treatment, to choose one treatment modality over another, or to choose a different

dose or duration of the same treatment. To some extent the usefulness of a test result is constrained by the available
treatment options.
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Outcomes of interest for a diagnostic test are not limited to determining its accuracy but also include beneficial or adverse
clinical effects, such as changes in management due to test findings or preferably, improved health outcomes for Medicare
beneficiaries. Ideally, we would see evidence that the systematic incorporation of FDG PET results into treatment decisions
leads physicians to prescribe different treatment than they would otherwise have prescribed, and that those patients whose
treatment is changed by test results achieve improved outcomes.

2. External Technology Assessments

CMS did not request an external technology assessment (TA) on this issue.

3. Internal technology assessment

CMS reviewed the 30 cited published reports supplied by the requestors, as well as several additional citations submitted
by public commenters during the initial public comment period.

CMS also reviewed the published medical literature (using a PUbMED search) for articles published since January 2005
with the search terms ‘FDG PET’ and ‘radiation therapy’. Six articles were returned by the search. One article (Hutchings et
al., 2007) had also been included with the requestor’s letter, and is reviewed below. One other article (Ortholan et al., 2009
[PMID 18565687]) was not reviewed because it did not study a subsequent FDG PET scan’s impact on RT planning. CMS
has reviewed the other four citations (Grgic et al., 2003; Hentschel et al., 2009; Onal et al., 2009; and Waaijer et al., 2003)
as full text articles below.

Article summaries below are listed alphabetically within study design categories in order of decreasing validity (See
Appendix A).
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Technology Assessments:

Facey et al., 2007

In this Health Technology Assessment (HTA) from the National Health Service of the United Kingdom, the authors primarily
studied the cost effectiveness of FDG PET scanning for patients with primary or recurrent cancer. The authors based this
assessment on a systematic review of the literature for eight tumor types, including breast, colorectal, head and neck, lung,
lymphoma, melanoma, esophageal and thyroid. Although the HTA considered studies about the effectiveness of FDG PET
scans in various cancer management decisions, including: diagnosis (detection of cancer before confirmation of disease);
staging (occurs after histological confirmation and before initial therapy); recurrence (detection of malignancy in followup
after disease-free period, often when suspicion is raised by other follow-up tests); restaging (occurs after initial therapy or
when recurrence has been confirmed); assessment of treatment response (during or immediately after therapy); and RT
planning (before RT to plan target volume and dose); only the final assessment about FDG PET in RT planning was
considered germane to this (narrowly focused) reconsideration request.

For these eight tumor types, the investigators also looked at studies about how FDG PET scans aided management
decisions in a number of areas including RT planning. 17 ‘small’ studies were found relating to RT planning for four of these
eight tumor types. Although the HTA concluded that FDG PET scans led to alteration of RT volumes and doses, impact on
patient outcomes was rarely studied.

The authors of the HTA discussed the evidence as follows:

Printed on 8/7/2011. Page 15 of 64



"The use of FDG-PET to supplement CT or MRI for RT planning is a topic of interest in the FDG PET community. The
literature search retrieved 17 primary studies (mainly evaluating replacement of CT before radical RT) in: colorectal cancer
(one study); head and neck cancer (three studies of PET and three of PET/CT); NSCLC (eight studies) and oesophageal
cancer (two studies).

"The studies were small and used different methods to determine the treatment volume. Review of these studies suggests
that it would be helpful to establish consensus standards for translating FDG PET images into volumes for use in RT
planning, to promote consistency across future studies and reproducibility in clinical practice. Only one study provided any
outcome data,!23 evaluating nodal failure outside the radiation field after 16 months’ follow-up in NSCLC. Collection of such
outcome data should be encouraged and optimally RCTs should be performed to demonstrate definitively the added value
of FDG PET/CT in RT planning." (CMS Note: Reference 123 in the prior paragraph excerpted from this HTA refers to De
Ruysscher D, Wanders S, van Haren E, Hochstenbag M, Geeraedts W, Utama |, et al. Selective mediastinal node
irradiation based on FDG-PET scan data in patients with non-small-cell lung cancer: a prospective clinical study. Int J
Radiat Oncol Biol Phys 2005;62:988-94. (cited in References and examined separately (below) as De Ruysscher et al.,
2005B)

The authors commented that larger studies of impact of FDG PET would be needed.

Prospective Case-Control Studies:

Kidd et al., 2009
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In this prospective study of a consecutive series of 452 patients with newly diagnosed cervical cancer treated with curative
intent with definitive IMRT, the authors compared the toxicity and clinical outcomes for 135 patients treated definitively with
intensity-modulated radiation therapy (IMRT) during or after March 2005 with the same outcomes in 317 patients with non-
IMRT (before March 2005) treatment. All IMRT patients underwent an F-18 fluorodeoxyglucose positron emission
tomography (FDG-PET/CT) simulation. Pretreatment staging workup included either whole-body FDG PET or FDG
PET/CT; after completing radiation treatment, a repeat PET or PET/CT was performed to evaluate response and any
residual or progressive disease. Treatment involved external irradiation and brachytherapy, and 85% of patients received
concurrent chemotherapy. Toxicity was scored by the Common Terminology Criteria for Adverse Events Version 3.0. The
authors found that the IMRT and non-IMRT groups had similar stage distribution and histology. For all patients, the post-
therapy FDG-PET response correlated with overall recurrence risk (p < 0.0001) and cause-specific survival (p < 0.0001).
Post-treatment FDG-PET findings were not significantly different between the IMRT and non- IMRT patients (p = 0.9774).
The mean follow-up for all patients alive at the time of last follow-up was 52 months (72 months non-IMRT, 22 months
IMRT). At last follow-up, 178 patients (39/135 (29%) IMRT, 139/317 (44%) non-IMRT) had developed a recurrence. The
difference in recurrence-free survival between the two groups did not reach statistical significance (p = 0.0738), although
the IMRT group showed better overall and cause-specific survivals (p < 0.0001). Of the patients, 62 patients (8/135 (6%)
IMRT and 54/317 (17%) non-IMRT) developed Grade 3 or greater bowel or bladder complications, and by cumulative
hazard function analysis the risk was significantly less for patients treated with IMRT (p = 0.0351). The authors concluded
that cervical cancer patients treated with FDG-PET/CT-guided IMRT have improved survival and less treatment-related
toxicity compared with patients treated with non-IMRT radiotherapy.

Prospective Case Series Studies:

Anderson et al., 2007
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In this prospective case series study, the authors compare between gross tumor volume (GTV) and planning tumor volume
(PTV), measured in cubic centimeters, based on either CT simulation or FDG PET studies. Patients included thirteen men
and ten women, with mean age of 58 years, ranging from 30-81 years. Twenty patients were treated for rectal cancer, and
three patients were treated for anal cancer. The degree of overlap of these volumes (OV) for each method was based on
manual image registration. Patients were treated with conformal therapy using traditional doses. The average OV was 46%,
ranging from 11% to 99%. On average, PET-GTV was smaller than mean CT-GTV (91.7 (range 2.9 — 859) cm3) v. 99.6
(range 17-570) cm3). Management was changed (predominantly by avoiding unnecessary surgery and early detection of
distant metastases) in 25% of patients with rectal cancer, in whom PET studies detected distant metastases. Four of 23
(17%) of patients had changes in the PTV when FDG PET findings were included. The authors suggested that the
advantage of FDG PET imaging was the avidity of tumors for glucose, allowing sharper demarcation of tumor volume, than
with CT alone, and recommended use of PET-CT for initial staging and workup of anorectal tumors for radiation therapy
planning.

De Ruysscher et al., 2005

In this prospective case series study of 21 patients with locally advanced non-small cell lung cancers (NSCLC), conformal
radiation therapy planning was studied using a combined PET-CT simulator. Patients in this study had pathologically
proven NSCLC, without distant metastases by PET scan. Patient demographic characteristics were not provided. For each
patient, two 3D conformal treatment plans were made; one with CT based PTV, and one with PET-CT based PTV, both
plans designed to deliver 60 Gy in 30 fractions. Protection of lung, esophageal, and spinal cord fields was attempted by
minimizing their exposure. In these patients, addition of PET information for calculating dose delivery increased the dose
from 55.2 Gy +/- 2 Gy (CT planning) to 68.9 +/- 3.3 Gy (PET-CT planning), without increasing the toxicity to lung,
esophagus, and spinal cord. The estimated Tumor Control Probability was estimated to be significantly increased with PET-
CT planning, from 6.3 +/- 1.5% for CT planning to 24.0 +/- 5.0% with PET-CT planning (p = 0.01). The authors noted that a
limitation of the study was the unavoidable motion of the chest during respiration, which might compromise the precision of
both imaging for RT planning and dose delivery.

De Ruysscher et al., 2005B
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In this prospective study (cited by Facey et al., 2007 as noted above) involving 44 patients with histologically proven
NSCLC without detectable distant metastases, the authors investigated the occurrence of isolated nodal failure (i.e.,
recurrence of tumor in the regional nodes outside the clinical target volume), in the absence of in-field failure. Patients
included 27 males and 17 females, with patients’ ages ranging from 51 to 89 years, with a median age of 68 years.
Mediastinal irradiation was performed if FDG PET scans demonstrated activity in that region. After a median post-RT
followup of 16 months (Cl 11-21 months), eleven of 44 (25%) of study patients developed a local recurrence. One of eleven
patients developed an isolated node failure; five failed in the primary RT tumor volume; and five failed within and distant to
the primary RT tumor volume. The authors concluded that selective mediastinal node irradiation based on FDG PET scan
data results in low isolated nodal failure rates in NSCLC. The authors also noted that toxicity to lung, esophagus and spinal
cord were known adverse effects of mediastinal irradiation, and that FDG PET study results may be subject to inaccuracy.

Ford et al., 2008

This prospective study examined the impact of PET-CT scanning to determine RT target volume in 12 women who were
candidates for partial breast irradiation (PBI) to the lumpectomy cavity (LC) following lumpectomy for breast cancer.
Inclusion criteria were: primary breast cancer no more than 4 cm in diameter; zero to three positive axillary lymph nodes; at
least 3 mm negative lumpectomy margins; and plans to receive chemotherapy. Patient demographics were not provided in
the article. Within a median of 49 (range 24-67) days after lumpectomy surgery, the patients underwent a PET-CT scan.
Patients also underwent a treatment planning CT scan, using the same setup and immobilization as for the PET-CT scan.
For most patients, the PET-CT and planning CT were performed on the same day; the remainder had both scans
performed within the same week. Registration of PET-CT and planning CT was accomplished manually using software
landmarks by a study radiation oncologist and nuclear medicine physician with knowledge of both PET-CT and planning CT
scan results. Treatment began within 1-1.5 weeks of the scans for the ‘vast majority of patients’. The authors believed that
any changes in the cavities between the completion of the scans and the start of RT were minimal. Results showed that the
volumes of the PET-CT contours of the LC were greater than those determined by planning CT. The median difference
between the LC volumes was 14.7 (1.8-65.9) cm3. The PET-CT and planning CT LC volumes were described as ‘well
correlated’. The authors acknowledged the absence of a reference technique to quantitate LC volume. The authors also
commented that the increased FDG uptake around the rim of the LC was likely because of postoperative inflammation. In 9
of 12 patients, a CT-based treatment plan did not provide adequate coverage of the PET/CT-based PTV (99% of the PTV
received <95% of the prescribed dose), resulting in substantial cold spots in some plans. In these cases, treatment plans
were generated which were specifically designed to cover the larger PET/CT-based PTV. The authors commented that a
‘potential disadvantage of PET-CT-based RT plans is that the dose to the normal tissue structures might increase...".
Although these plans showed an increased dose to the normal tissues, the increases were ‘modest’: the non—target breast
volume receiving = 50 Gy, lung volume receiving = 30 Gy and heart volume receiving = 20 Gy increased by 5.7%, 0.8%,
and 0.2%, respectively. The authors concluded that FDG-PET/CT can be used to define the LC volume with only a modest
increase in irradiated tissue volume compared with CT-determined PTVs. They suggested that their results should be
evaluated in a larger population.
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Gillham et al., 2008

In this prospective study, the authors evaluated the use of an additional PET-CT scan in 10 patients with NSCLC at week 5
-6 of radiotherapy. The study was designed to test the hypothesis that a reduction in disease volume during radiotherapy
detected by FDG PET/CT would facilitate radiation dose escalation, whilst remaining within normal tissue constraints. The
ten patients included 2 females and 8 males, with average age of 66 years (range: 51-83 years), and including stages: any
T, any N, and MO, with no prior radiotherapy; however, seven patients received prior chemotherapy prior to enrollment.
Each received standard 3D-conformally planned radiotherapy to a dose of 66 Gy in 33 fractions over 6.5 weeks. FDG
PET/CT imaging in the treatment position was performed twice: once prior to treatment and then repeated following 50 or
60 Gy of radiotherapy. Based on the later PET-CT at 5-6 weeks of radiotherapy, there was a median PTV reduction after
50/60 Gy from 66 (range 12-324) cm3 to 45 (range 0-162) cm3, with a median percent reduction of 43%. The delivery of 78
Gy was feasible in 4 of 10 patients; in the remaining 6 patients, radiation dose to the lung or esophagus would have
exceeded the individualized dose prescription indicated a higher median maximal dose when treatment would be given in
two phases compared to one phase resulting in a modest increase of calculated tumor control probability. However, the
authors concluded that, despite tumor shrinkage determined by subsequent FDG PET/CT during treatment, adaptive
targeting strategy would result only in a modest improvement in the context of dose escalation, and indicated that further
studies of this technique are warranted.

Hentschel et al., 2009
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In this prospective, two-center study of 27 patients with histologically proven primary head and neck cancer (HNC) who
were treated with combined chemoradiotherapy (CRT) for intended cure, the investigators studied how results of multiple
FDG PET scans changed over time, including standardized uptake value (SUV) and gross tumor volume (GTV-PET) and
metabolic volume (MV). Patients ranged in age from 44 to 70 years of age, with a median age of 54.2 years. 20 males and
three females were included in this study, with primary tumor sites in the oropharynx (twelve tumors (52%)), hypopharynx
(ten (44%)), and lip and oral cavity (one (4%)). Before or during the RT treatment of six weeks’ duration, every patient
underwent four PET/CT scans, one initial scan (before RT) and three PET/CT scans during RT (at end of 1st/2nd week, end
of 3rd/4th week, and end of 5th/6th week) using a plastic facemask to ensure patient positioning in the treatment position. All
patient FDG PET scans were performed beginning within 50-70 minutes of infusion of 259-341 MBq of FDG. FDG PET
data from all scans were analyzed to assess multiple parameters: maximum and mean SUV; PET-based GTV (GTV-PET);
and MV, which was calculated as mean SUV multiplied by GTV-PET and, according to the authors, is believed to describe
‘total lesion glycolysis’. Results showed that median SUV for the whole population decreased continuously during the
course of RT from a median initial (pre-RT) value of 15.2 to a late therapy value (5t/6th week) of 6.4. In contrast, median
GTV-PET for the whole population increased from 9.3 cm3 to 17.9 cm3, while median MV decreased from 92.2 to 71.3 cm3.
The authors concluded that increased GTV-PET was due, not to increased tumor volume, but to glucose-avid inflammation
of surrounding tissue. They suggested further research into other [18]F labeled tracers which would avoid this problem and
allow for adaptive radiotherapy, changing during the course of treatments.

Hutchings et al. 2007

This prospective study of 30 patients with early-stage Hodgkin lymphoma (HL) examined the effect of the radiation therapy
plan of using CT results from an initial staging FDG PET-CT scan, compared with the effect of a later FDG-PET/CT scan for
RT planning. Patients with diabetes mellitus, pregnancy, and those younger than 18 years were excluded. Patients
included 16 females and 14 males, and the average patient age was 40.2 (range 18.6-79.2) years. Ten patients were Stage
| by conventional staging; 20 patients were Stage Il. One of thirty patients had extranodal disease. Ten of 30 patients had
bulky disease. 60% of patients had nodular sclerosing HL. Twenty-five of 30 patients initially received ABVD chemotherapy;
2 received ABVD/MOPP chemotherapy; while 3 received radiotherapy only. Twenty-nine of 30 patients were in complete
remission after a median followup of 24 months. The authors noted that in 20 of 30 patients, FDG-PET/CT did not change
the tumor delineation notably, and they suggested that the RT plan would not have been affected by PET/CT. However, in
10/30 patients, FDG-PET/CT results did lead to modification of the radiation fields, leading in 7/10 cases to an increased
target volume for irradiation. In one case among these 10, FDG-PET/CT for RT planning identified a distant FDG-avid site,
leading to upstaging (from Stage Il to Ill) and a change in treatment strategy. Based on this series, the authors conclude
that "... It is therefore not advisable to apply FDG-PET/CT to the RT planning procedures alone, but rather to take
advantage of the greater accuracy of the anatomic definition of lymphoma involvement and reduce treatment volumes."
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Kruser et al., 2009

In this prospective, blinded trial, the authors prospectively examined the impact of hybrid PET/CT imaging on overall
oncologic impact, with a focus on radiotherapy planning. 111 patients, including patients with lung cancer (n=38), head-and
-neck squamous cell carcinoma (n=23), breast (n=8), cervix (n=15), esophageal (n=9), and lymphoma (n=18) underwent
hybrid PET/CT imaging at the time of radiation therapy planning. A physician blinded to the PET dataset designed a
treatment plan using all clinical information and the CT dataset. The treating physician subsequently designed a second
treatment plan using the hybrid PET/CT dataset. The two treatment plans were compared to determine if a major alteration
in overall oncologic management occurred. In patients receiving potentially curative radiotherapy the concordance between
CT-based and PET/CT-based GTVs was quantified using an index of conformality (Cl). In 76/111 (68%) of patients, the
PET/CT data resulted in a change in one or more of the following: GTV volume, regional/local extension, prescribed dose,
or treatment modality selection. In 35 of these 76 cases (46%; 31.5% of the entire cohort) the change resulted in a major
alteration in the oncologic management (dose, field design, or modality change). Thus, nearly a third of all cases had a
major alteration in oncologic management as a result of the PET/CT data, and 29 of 105 patients (27.6%) who underwent
potentially curative radiotherapy had major alterations in either dose or field design. Hybrid PET/CT imaging at the time of
treatment planning may be highly informative and an economical manner in which to obtain PET imaging, with the dual
goals of staging and treatment planning.

Onal et al., 2009
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In this study of 52 patients with histologically proven prostate cancer treated with three dimensional conformal radiotherapy
(3D-CRT), the authors investigated the effect on prostate volume from concurrent 3D-CRT and androgen deprivation (AD)
due to concerns that shifts in tumor volume might increased RT dose delivered to adjacent bowel, bladder and bone.
Patients’ ages ranged from 63-76 years, with a median age of 71 years. Before RT began, all patients received at least 3
months’ treatment with a combination of goserelin and bicalutamide. [CMS note (source: FDA prescribing information):
Goserelin is a synthetic analogue of naturally occurring luteinizing hormone releasing hormone (LHRH). Chronic goserelin
administration "... results in inhibition of pituitary LH secretion leading to a fall in serum testosterone concentrations in
males(.) ... In men by around 21 days after the first depot injection, testosterone concentrations have fallen to within the
castrate range and remain suppressed with continuous treatment every 28 days. Bicalutamide "... is a non-steroidal
androgen receptor inhibitor. It competitively inhibits the action of androgens by binding to cytosol androgen receptors in the
target tissue. Prostatic carcinoma is known to be androgen sensitive and responds to treatment that counteracts the effect
of androgen and/or removes the source of androgen."] All patients underwent a planning CT scan in a standardized
treatment position an average of 4 days (range, 2-7 days) prior to 3D-CRT initiation. The clinical target volume included the
entire prostate and seminal vesicles. The planning target volume included an additional 0.8 to 1 cm margin around the
clinical target volume. On the final day of RT, a post-treatment CT scan was also performed in all patients. In addition to
clinical measurements, intra-observer variation was assessed by randomly repeated contour determination in 10 patients.
Results were provided for two groups of patients: one with 2-3 months’ anti-androgen therapy (SNAD) (median 2.7 months)
and the other with 3-10 months’ anti-androgen therapy (LNAD) (median 4.8 months). For all patients, mean prostate
volumes were 49.7 cm3 (based on the planning CT) and 41.0 cm3 (based on the post-therapy CT). Results of prostate
gland shrinkage were most apparent by the end of three months of anti-androgen treatment. Patients in the LNAD group
had significantly smaller prostate gland volume compared to the SNAD group (39.5 cm3 vs. 60.3 cm3; p 0.03). In contrast,
rectum and bladder volumes did not change significantly between planning and post-treatment CT scans. The authors
concluded that when RT planning was performed within 3 months of anti-androgen therapy, a 10-15% reduction in prostate
volume was demonstrated following 3D-CRT. This change may have led to increased RT dosage to rectal tissue. The
authors suggested the possible need for an additional planning CT to prevent unnecessary radiation exposure in nearby
organs.

Shintani et al., 2008
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In this prospective study of a case series of 91 patients with tumors of the head and neck of various histological types, the
authors studied utility of post-surgical PET/CT prior to adjuvant radiation therapy. Patient characteristics included a median
age of 59.6 years, ranging from 35-96 years. Seventy males and 21 females were participants. Tumor types included 62
squamous cell and 29 non—squamous cell cancers. Median time between surgery and postoperative PET/CT was 28 days
(range, 13—75 days). Findings suspicious for persistent/recurrent cancer or distant metastasis were biopsied. Correlation
was made with changes in patient care. The authors found that, based on PET/CT findings, 24 patients (26.4%) underwent
biopsy of suspicious sites, while three patients with suspicious findings did not undergo biopsy because the abnormalities
were not easily accessible. Eleven of 24 (45.8%) biopsies were positive for cancer. Treatment was changed for 14/91
(15.4%) patients (11 positive biopsy and 3 nonbiopsied patients) as a result. Treatment changes included abandonment of
radiation therapy and switching to palliative chemotherapy or hospice care (4), increasing the radiation therapy dose (6),
extending the radiation therapy treatment volume and increasing the dose (1), additional surgery (2), and adding palliative
chemotherapy to palliative radiation therapy (1). Treatment for recurrent cancer and primary skin cancer were significant
predictors of having a biopsy-proven, treatment-changing positive PET/CT (p < 0.03). The authors concluded that despite a
number of false positive PET/CT scans in this early postoperative period, PET/CT changed patient management in a
relatively large proportion of patients. PET/CT can be recommended in the postoperative, preradiation therapy setting with
the understanding that treatment-altering PET/CT findings should be biopsied for confirmation.

Topkan et al., 2008

In this prospective case series of a group of fourteen patients with histologically confirmed, unresectable pancreatic cancer,
the authors evaluated CT with co-registered positron emission tomography-computed tomography PET-CT delineating
gross tumor volume (GTV). Patients’ ages averaged 55 years, ranging from 18 to 70 years of age, and 3 females and 11
males were studied. Ten of the pancreatic tumors affecting the head of the pancreas, while 4 affected the tail. For each
patient, two three-dimensional conformal plans were made using the CT and PET-CT fusion data sets. Differences in
treatment plans and doses of radiation to primary tumors and critical organs were analyzed. The authors found that
changes in GTV delineation were necessary in 5/14 (36%) patients based on PET-CT information. In these patients, the
average increase in GTV was 29.7%, due to the incorporation of additional lymph node metastases and extension of the
primary tumor beyond that defined by CT. For all patients, the GTVCT versus GTVPET-CT was 92.5 + 32.3 cm3 versus
104.5 + 32.6 cm3 (p = 0.009). However, toxicity analysis revealed no clinically significant differences between two plans
with regard to doses to critical organs. The authors concluded that co-registration of PET and CT information in
unresectable LAPC may improve the delineation of GTV and theoretically reduce the likelihood of geographic misses.

Zheng et al., 2007
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In this prospective study of 39 patients with locally recurrent nasopharyngeal carcinoma (NPC), the authors studied how the
addition of FDG-PET/CT influences radiotherapy planning. Eligibility criteria included histologically proven locally recurrent
NPC and no evidence of regional or distant metastasis by conventional techniques (including head and neck MRI, SPECT,
abdominal ultrasound, chest X-ray, and clinical examination). There were 30 male and 9 female patients in the study group,
whose ages ranged from 27-71 years with a median of 48 years. All patients underwent FDG-PET/CT simulation scans.
For each patient, the gross tumor volume (GTV) was separately delineated by physicians with or without the addition of
PET information and defined as GTV-PET/CT and GTV-CT, respectively. Three-dimensional conformal radiotherapy plans
were separately created for PTV-CT and PTV-PET/CT. To assess the potential geographic miss of the PET/CT-based
disease in CT-based treatment planning, the size and location of the GTV-PET/CT, PTV-PET/CT, and PTV-CT were
analyzed. (The GTV-PET/CT was used as a comparison standard.) The authors found that treatment plans changed from
attempted cure to palliation in 4/43 (9%) of patients with the addition of the PET information showing distant metastases.
For the remaining 39 patients, the authors concluded that RT coverage of the GTV-PET/CT and PTV-PET/CT by the PTV-
CT would be inadequate in 7 (18%) and 20 (51%) patients, respectively. This resulted in <95% of the GTV-PET/CT and
PTV-PET/CT receiving at least 95% of the prescribed dose in 4 (10%) and 13 (33%) patients, respectively. Conclusions:
The addition of FDG-PET information might influence CT-based radiotherapy planning for locally recurrent nasopharyngeal
carcinoma by altering the definition of the target volume, with the potential to avoid a geographic miss of true disease.

Retrospective Case Series Studies:

Cheran et al., 2004
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In this retrospective study of 20 patients with biopsy-proven primary lung tumors who had a negative finding on a FDG PET
study at the time of diagnosis, the authors reviewed surgical, pathologic, radiographic imaging, and clinical follow-up
information were reviewed to confirm the histology, stage, and outcome. These 20 patients included 15 females and 5
males, with ages ranging from 33-77 years (mean, 61 years). Tumor histology included adenocarcinoma (n =7, 35%),
bronchioalveolar cell carcinoma (n = 6, 30%), carcinoid (n = 3, 15%), squamous cell carcinoma (n = 2, 10%), otherwise
unspecified non—small cell lung cancer (n = 1, 5%), and sarcomatoid neoplasm (n = 1, 5%). One patient with
bronchioalveolar cell carcinoma had multifocal stage IV disease, and all other patients were stage IA (n = 14, 70%) or stage
IB (n =5, 25%). Eighteen (90%) of the 20 patients underwent curative surgical resection. No patient is known to have tumor
recurrence after resection, and three (17%) of the 18 patients are known to be living and free of disease 5 years after
surgery. The authors concluded that with the exception of bronchioalveolar cell carcinoma and carcinoid, newly diagnosed
lung cancers with negative PET findings are usually early-stage diseases and are associated with a favorable prognosis,
suggesting that indeterminate pulmonary nodules, which are PET-negative, can be managed conservatively with serial
radiographic studies to monitor for signs of growth. The authors suggested further study to confirm these results with
sufficient follow-up in a large cohort of patients with PET-negative lung lesions.

Deniaud-Alexandre et al., 2005

In this retrospective case series study of 101 patients with NSCLC, stages I-lll, patients received both CT and FDG-PET
imaging, registered based on five fiducial markers. Radiation target delineation was initially performed using CT images,
and then FDG-PET images were subsequently used as an overlay to the CT images to define the target volume. In eight
patients, FDG-PET revealed undetected distant metastases, making them ineligible for curative radiotherapy. In one
patient, combined PET-CT images revealed excessively extensive intrathoracic disease. Of the remaining 91 patients, CT-
PET image fusion decreased the gross tumor volume (GTV) in 21 patients and increased GTV in 24 patients. PET images
resulted in reduced GTV by at least 25% in seven patients. In some patients, PET-CT images led to better delineation of
tumor volume by distinguishing tumor from atelectasis or from mediastinal lymph nodes. The volume of spinal cord
receiving at least 45 Gy decreased in two patients. The authors recognized that this study does not include assessment of
impact on treatment outcomes from PET-CT integrated images.

Nguyen et al., 2008
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In this retrospective clinical review of a series of 50 patients with histologically confirmed anal cancer, the investigators
assessed the utility of FDG-PET in anal cancer for staging and impact on radiotherapy planning (RTP), response and
detection of recurrent disease. Cases occurred during the period 1996-2006, and included 19 males and 31 females, with
median age of 58 years (range 36-85). The clinical impact on management, disease response, recurrence and metastases
with CT was compared to that with PET in 48 patients with pre-treatment PET scans. The authors found that the primary
anal cancer was strongly FDG avid in 98% of patients with non-excised tumors compared to CT (58%). In addition, pre-
treatment PET studies led to upstaging of 8/48 (17%) of patients due to detection of unsuspected pelvic/inguinal nodal
disease, and in one additional patient, led to changes in RT plan. The authors noted that "The impact of PET staging on
RTP resulted entirely from the identification of additional involved nodal regions in nine patients with clinical NO (5/28
upstaged) and N2 disease 3/10 upstaged, and 1/10 with more extensive involvement of lymph nodes)". The authors
concluded that anal cancer is FDG-PET avid, and that PET upstages in 17% of patients, and changes the RTP in 19% (an
additional 2%). The authors also called for further prospective studies.

Grgic et al., 2009

In this retrospective study of 16 consecutive RT candidates with NSCLC, the investigators the relative improvement in
fusion quality of combined FDG PET and CT data, using both rigid and non-rigid registration techniques. Patients included
twelve men and four women, with a mean age of 65 years, ranging from 45-75 years. Patients were imaged in the RT
position for both FDG PET and CT scans, with both scans completed within four to six hours on the same day. Breathing
techniques of full inspiration, mid-breath hold, and full expiration were used in each patient. Subsequent fusion of FDG PET
and CT scan data was then performed using both rigid and non-rigid algorithms to produce fusion images of the thoracic
tumor. To assess the quality of the fusion image, alignment was graded on a scale from 1 (complete lack of alignment) to 5
(exact alignment), by three experienced nuclear medicine physicians, blinded to patient identity or imaging method. Inter-
observer agreement of the assessed image quality scores was rated as good (kappa = 0.63 (all anatomic areas), p <
0.001). Comparison of average rigid and non-rigid fusion alignment scores indicated improvement using the non-rigid
registration algorithm (non-rigid: 3.5 +/- 0.7, rigid: 3.3 +/- 0.7, p < 0.001). (A difference in alignment of 5-25 millimeters was
scored as 3; a difference of less than 5 mm was scored as 4). Better alignment due to use of the non-rigid algorithm were
noted in the lung apices; at the carina; and in the region of the aortic arch. However, there were no significant differences in
average alignment scores between rigid and non-rigid registration algorithm results in the area of the tumor. The authors
concluded that, with the patient imaged in treatment position, the graded assessment of FDG PET and CT image data
alignment quality, in the area of the thoracic tumor, was improved by non-rigid algorithms for image registration, especially
if CT imaging is performed during either full inspiration or full expiration.

Soto et al., 2008
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In this retrospective study based on a case series of 61 patients with head and neck cancer (HNC) who had failed definitive
RT as their sole therapy, the authors studied whether pretreatment FDG-PET-defined biologic target volume (PET-BTV)
correlates with the anatomical sites of loco-regional failure (LRF) after RT for head and neck cancer (HNC). The 61 HNC
patients were selected from those patients whose squamous cancers originating in mucosa had been definitively but
unsuccessfully treated with either 3-D CRT or IMRT (both with no surgery) based on a pre-therapy PET/CT. 95% of
patients studied had also been treated with chemotherapy. The GTV and high-risk CTV1 definitions included composite
data obtained from diagnostic CT, PET/CT, physical examination, and MRI when available. The median CTV1 dose was 70
Gy. 95% received chemotherapy. For patients with LRF, a recurrence volume (Vr) was identified and was mapped to the
pretreatment planning CT and pretreatment PET scan. The authors found that, at a median follow-up of 22 months, 15%
(9/61) patients had LRF. For patients with a LRF, 100% (9/9) of failures were inside the GTV. One of nine [11% (95% CI:
3-45%)] had Vr which mapped outside of the pretreatment PETBTV, while 8/9 patients had Vr within the PET-BTV.
Predictors of LRF in our series included GTV volume (p = 0.003), but not mean SUV (p = 0.13) or max SUV (p = 0.25). The
authors concluded that following treatment in which the GTV was defined based on the composite of imaging and physical
examination, the majority, but not all, LRF occurred within the PET-BTV. These results support an important, but not
exclusive, role of FDG-PET in defining the GTV.

Thrall et al., 2007
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In this retrospective (chart) review study of 39 ovarian cancer patients, the authors studied the use of co-registered FDG
PET/CT for surveillance and follow-up of ovarian cancer patients to detect recurrent disease. The 39 ovarian cancer
patients (with median age of 53 years, ranging from 31 to 71 years) underwent a total of 59 FDG-PET/CT scans. From
chart review, the following information was obtained: clinical indication for FDG-PET/CT, the results of FDG-PET/CT
particularly with regard to the additional diagnostic information, the localization of disease and subsequent clinical patient
management. The authors found that 24 FDG-PET/CT scans were performed in 22 patients with previously negative or
indeterminate CT scans but rising CA-125 levels providing a sensitivity of 90% for localizing disease. Nine FDG-PET/CT in
eight patients with clinical symptoms of recurrence but normal CA-125 levels detected all three patients who had recurrent
disease confirmed within six months of follow-up. In addition, four FDG-PET/CT performed as routine follow-up with no
clinical evidence of recurrent disease were true-negative in all cases. Fourteen FDG-PET/CT in 12 patients with recurrent
disease already identified by conventional CT imaging were useful in guiding treatment decisions such as radiation therapy,
surgery or chemotherapy by confirming the recurrence and more precisely localizing the site(s) of disease. Notably, FDG-
PET/CT helped to avoid surgery in four patients who had additional disease detected in unresectable anatomic areas. A
total of 51 FDG-PET/CT were performed in the patients described above with an overall sensitivity and specificity of 94.5%
and 100%, respectively. Eight FDG-PET/CT scans in five patients performed for assessment of treatment response
following chemotherapy or radiation were useful as the disease was not clearly visualized by conventional CT imaging at
baseline. The authors concluded that FDG-PET/CT has the greatest utility in settings of suspected ovarian cancer
recurrence, particularly in patients with rising CA-125 levels and negative conventional imaging. FDG-PET/CT was
specifically helpful in optimizing the selection of patients for site-specific treatment, including radiation treatment planning,
and aided in the selection of optimal surgical candidates. The co-registered metabolic—anatomic information from combined
FDG-PET/CT holds promise in replacing the single imaging procedures.

van Loon et al., 2008

In this retrospective study focused on 21 patients for whom either a pre-treatment FDG PET scan and a contrast-enhanced
CT scan, or a combined FDG PET-CT scan, was available, the authors investigated the influence of selective irradiation of
18FDG-PET positive mediastinal nodes on radiation fields and normal tissue exposure in limited disease small cell lung
cancer (LD-SCLC). For each patient, two three-dimensional conformal treatment plans were made with selective irradiation
of involved lymph nodes, based on CT and on PET, respectively. Changes in treatment plans as well as dosimetric factors
associated with lung and esophageal toxicity were analyzed and compared. The authors found that FDG-PET information
changed the treatment field in 5/21 patients (24%). In 3 patients, this was due to a decrease and in 2 patients to an
increase in the number of involved nodal areas. However, there were no significant differences in gross tumor volume
(GTV), lung, and esophageal parameters between CT- and PET-based plans. The authors concluded that incorporating
FDG-PET information in radiotherapy planning for patients with LD-SCLC changed the treatment plan in 24% of patients
compared to CT. Both increases and decreases of the GTV were observed, theoretically leading to either avoidance of geo
-graphical miss or decrease of radiation exposure of normal tissues, respectively. The authors mentioned that based on
these findings, a phase |l trial, evaluating PET-scan based selective nodal irradiation, is ongoing in their department.
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Vernon et al., 2009

In this retrospective assessment of 42 patients with head and neck carcinoma (HNC), the authors evaluated clinical
outcomes and the predictive value of PET for patients receiving PET/CT-guided definitive radiotherapy with or without
chemotherapy. The median age of the patients was 55 years, ranging from 21-81 years of age; 29 males and 13 females
participated in the study. All patients received PET/CT imaging with immobilization of the head as part of staging and
radiotherapy planning. Radiation doses ranges from 60 to 72 Gy. Data on clinical outcomes including locoregional
recurrence, distant metastasis, death, and treatment-related toxicities were collected retrospectively and analyzed for
disease-free and overall survival and cumulative incidence of recurrence. The authors found that median follow-up from
initiation of treatment was 32 months. Overall survival and disease-free survival were 82.8% and 71.0%, respectively, at 2
years, and 74.1% and 66.9% at 3 years. Of the 42 patients, seven recurrences were identified (three with local recurrence;
one with distant metastases, and three with both). Mean time to recurrence was 9.4 months. Cumulative risk of recurrence
was 18.7%. The maximum standard uptake volume (SUV) of primary tumor, adenopathy or both on PET did not correlate
with recurrence, with mean values of 12.0 for treatment failures vs. 11.7 for all patients. The authors concluded that a high
level of disease control combined with favorable toxicity profiles was achieved in this group of HNC patients receiving
PET/CT fusion guided radiotherapy with or without plus/minus chemotherapy. They also suggested the value of further
large-scale clinical studies.

Waaijer et al., 2003
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In this retrospective (‘pilot’) study of 13 cases with primary oropharyngeal squamous cell carcinoma, treated with RT with
curative intent, and with diagnostic (CT1) and then RT planning (CT2) CT scans (in treatment position) performed at the
study institution, the authors studied the difference in tumor volume between the initial and RT planning CT, as well as the
clinical consequences of time elapsed between CT1 and CT2 using a tumor control probability (TCP) model. Patients (10
men, three women) ranged in age from 47-102 years, with an average age of 68 years. Two, four and seven tumors were
Stage I, lll, and 1V, respectively, based on CT1 results. Tumor volume changes were calculated using a sum of areas
technique based on assessment by a resident and two experienced radiation oncologists. Waiting time was defined as the
difference in time between histopathological diagnosis and initiation of radiation therapy. The results showed that the
average waiting time was 56 days, ranging from 45 — 69 days). The tumor doubling time ranged from 21 to 256 days. In
nine of 13 cases, the waiting time was at least one doubling time in duration; in four of those cases, it was two doubling
times. Tumor volumes calculated from CT scans increased, on average among these patients, by 70%, and disease
progression (based on a change of at least one Stage) occurred in 9/13 patients. Based on the TCP model, the likelihood of
tumor control decreased among individual patients from an average of 66% to 47%.

Case Series Studies (unknown whether prospective or retrospective)

Esthappan et al., 2008

In this case series of ten patients with cervical cancer and positive para-aortic lymph nodes (PALN), the authors reviewed
the results of using positron emission tomography (PET)/computed tomography (CT) to guide intensity-modulated radiation
therapy (IMRT). Patient demographic information was not included. Immediately after integrated PET/CT scanning, a
second CT scan was performed for radiation treatment planning. Treatment plans were generated to deliver 60.0 Gy to the
PET-positive PALN and 50.0 Gy to the PALN and pelvic lymph node beds, with plans optimized to deliver at least 95% of
the prescribed doses to at least 95% of each target volume. Dose—volume histograms were calculated for normal structures
(bowel and kidney) based on radiation plans. The plans of 10 patients were reviewed. Target coverage goals were satisfied
in all plans. Analysis of dose—volume histograms indicated that treatment plans involved irradiation of approximately 50% of
the bowel volume to at least 25.0 Gy, with less than 10% receiving at least 50.0 Gy and less than 1% receiving at least
60.0. With regard to kidney sparing, approximately 50% of the kidney volume received at least 16.0 Gy, less than 5%
received at least 50.0 Gy, and less than 1% received at least 60.0 Gy. The authors commented that their guidelines for the
evaluation of target coverage and normal tissue sparing should facilitate the more aggressive radiation treatment of cervical
cancer.
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The authors indicated that the purpose of this study of RT planning in 30 patients with Hodgkin lymphoma was to answer
questions about the biological significance of FDG-PET positive areas, especially as applied to customized RT following
chemotherapy for each patient. Patients with early-stage Hodgkin lymphoma received three to six cycles of ABVD
(doxorubicin (Adriamycin), bleomycin, vinblastine, and dacarbazine) chemotherapy. In two patients, FDG-PET findings
indicated advanced-stage disease, and these two patients received eight cycles of ABVD. FDG-PET scans were performed
for all patients before and after chemotherapy. All patients had a CT simulation for treatment planning. The CT simulation
was coregistered with the prechemotherapy CT and FDG-PET scan. All prechemotherapy volumes were superimposed on
the CT simulation. The initially involved lymph node areas to be irradiated were delineated on the CT simulation scan.
Chemotherapy-induced shrinkage rates of the tumor masses visible on CT scan and on FDG-PET were determined and
compared. Before chemotherapy, FDG-PET-avid areas represented 25% of the total volume on CT. After chemotherapy,
the influence of initial FDG-PET data on 